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INSPECTION APPARATUS, INSPECTION
METHOD, AND COMPUTER-READABLE
STORAGE MEDIUM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a technique for inspecting
printed documents. More specifically, the present invention
relates to a technique for detecting a print defect of an image
read from a printed document.

2. Description of the Related Art

There is a technique for inspecting a printed document to
detect a print defect of the printed document. In this tech-
nique, based on an original image input into a printing appa-
ratus, printing processing is performed. A reading apparatus
scans and reads the printed document output from the printing
apparatus to obtain an image thereof. Then, from the read
image and the input image, feature points thereof are
extracted. Using the feature points, position adjustment
thereof is performed. Then, comparison processing of the
read image and the input image after the position adjustment
is performed. Thus, a printing defect is detected.

Japanese Patent Application Laid-open No. 2010-249565
discusses a position adjustment technique in which two steps
of position adjustment processing is performed on images
each divided into a plurality of areas. The technique discussed
in Japanese Patent Application Laid-open No. 2010-249565
performs a first step position adjustment of specific areas to
perform rough position adjustment thereof. Consequently a
second position adjustment is performed to perform accurate
position adjustment of the specific areas.

It is necessary for performing position adjustment process-
ing to extract feature points for position adjustment. There-
fore, if the information of the extracted feature points (e.g. the
number of the extracted feature points and/or the position
information of the extracted feature points) is not appropriate
or sufficient to perform position adjustment processing, accu-
racy of the position adjustment is deteriorated.

For example, in order to reduce the capacity of the buffer
memory for a read image of a printed document or to perform
a real time inspection, in a case where images sequentially
read by a reading apparatus is inspected sequentially for a
band region of a predetermined size, sometimes information
of feature points within a band region is not enough depend-
ing on the band region. That is because an image within a
band region may be configured of faint characters or grada-
tion. Therefore, even if two steps of position adjustment pro-
cessing are performed on such a band region, the accuracy of
the position adjustment is not improved. Thus, position
adjustment processing with enough accuracy may not some-
times be performed.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, an inspec-
tion apparatus configured to perform position adjustment
between a reference image and a target image of a printed
document to inspect the printed document includes an extrac-
tion unit configured to extract a feature point of each of the
reference image and the target image used for the position
adjustment, an acquisition unit configured to acquire an
image in a band region of a predetermined size from each of
the reference image and the target image, an position adjust-
ment unit configured to perform a first position adjustment on
the reference image and the target image in the band region,
using the feature point in the band region extracted by the
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extraction unit, and a determination unit configured to com-
pare the reference image and the target image after the first
position adjustment and determines whether there is a differ-
ence between the reference image and the target image,
wherein the position adjustment unit performs a second posi-
tion adjustment using a feature point for the first position
adjustment in the band region and a feature point for the
position adjustment in a region adjacent to the band region in
a case where the determination unit determines that there is a
difference therebetween, and wherein the determination unit
determines whether there is a difference between the refer-
ence image and the target image after the second position
adjustment.

According to the present invention, accuracy of the inspec-
tion processing for each band region can be improved.

Further features and aspects of the present invention will
become apparent from the following detailed description of
exemplary embodiments with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate exemplary
embodiments, features, and aspects of the invention and,
together with the description, serve to explain the principles
of the invention.

FIG. 1 is a diagram illustrating an inline inspection appa-
ratus according to an exemplary embodiment of the present
invention.

FIG. 2 is a block diagram illustrating a control system of
the inline inspection apparatus according to an exemplary
embodiment of the present invention.

FIGS. 3A and 3B are diagrams illustrating an interior struc-
ture of an inspection unit.

FIGS. 4A, 4B, and 4C are block diagrams illustrating a
target image processing unit according to a first exemplary
embodiment of the present invention.

FIGS. 5A and 5B are flowcharts illustrating inline inspec-
tion processing.

FIGS. 6A and 6B are flowcharts illustrating a processing
flow of the target image processing unit.

FIG. 7 is a flowchartillustrating a processing tlow of a band
division unit according to a second exemplary embodiment of
the present invention.

FIGS. 8A, 8B, 8C, and 8D are diagrams illustrating states
of processing performed by an input image analysis unit.

FIGS. 9A, 9B, 9C, and 9D are diagrams illustrating a case
where accuracy of position adjustment is not enough.

FIGS. 10A and 10B is a diagram illustrating a correspon-
dence relationship of coordinate positions.

FIGS. 11A and 11B are diagrams illustrating adjacent
patches.

FIG. 12 is a graph illustrating an example of a selection
reference for selecting an adjacent patch.

FIGS. 13A, 13B, 13C, and 13D are diagrams illustrating
effects of processing according to an exemplary embodiment
of the present invention.

FIG. 14 is a diagram illustrating an example of difference
image data.

FIG. 15 is a diagram illustrating an example error region.

FIG. 16 is a diagram illustrating a setting screen for setting
execution of re-inspection processing according to a paper
type.

FIG. 17 is a diagram illustrating a setting screen for setting
execution of re-inspection processing according to a process
speed.
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FIG. 18 is a graph illustrating a patch distribution.

FIG. 19 is a diagram illustrating an expansion of the band
region according to the second exemplary embodiment of the
present invention.

DESCRIPTION OF THE EMBODIMENTS

Various exemplary embodiments, features, and aspects of
the invention will be described in detail below with reference
to the drawings.

FIG. 1is a diagram illustrating a configuration of an inline
inspection apparatus including an inspection unit and a
printer unit according to a first exemplary embodiment. The
inline inspection apparatus is connected to an external print
server and a client PC via a network.

Further, the inline inspection apparatus includes a control-
ler unit 100, a scanner unit 101, a printer unit 102, an inspec-
tion unit 103, a finisher unit 104, and a user interface unit (Ul
unit) 105.

The controller unit 100 is connected to the scanner unit
101, the printer unit 102, the inspection unit 103, the finisher
unit 104, the UI unit 105, and further to a network such as a
local area network (LAN) to input and output image data or
device information. The scanner unit 101 reads a document
placed on a platen as digital data.

The printer unit 102 is a commonly used printer unit.

The printer unit 102 receives image data transmitted from
the controller unit 100, and based on the received image data,
performs print processing on a sheet (paper) to output a
printed document. This print processing may be performed
with an electrophotographic method or an ink-jet method.
The types of the print processing performed by the printer unit
102 are not limited to those illustrated in the present exem-
plary embodiment.

The inspection unit 103 reads by an inspection sensor and
inspects the printed document output from the printer unit
102. The internal configuration of the inspection unit 103 is
described below.

The finisher unit 104 receives the printed document
inspected by the inspection unit 103, and performs post-
processing such as staple processing. Further, the finisher unit
104 includes an output tray and an escape tray (not illustrated)
as a discharging destination of the printed documents. The
finisher unit 104 discharges printed documents inspected by
the inspection unit 103 to the output tray or the escape tray so
that the inspection result of the documents can be distin-
guished. The UI unit 105 performs, for example, instruction
to start printing and display of the image.

FIG. 2 is a block diagram illustrating an internal configu-
ration of the controller unit 100 according to the present
exemplary embodiment. A CPU 203 controls each processing
unit included in the controller unit 100. Further, the CPU 203
controls each processing unit to execute processing of flow-
charts in FIGS. 5A and 5B by reading a computer program
stored in a storage unit 206 (described below) and executing
the read computer program.

The storage unit 206 stores image data and compressed
data, and includes a system work memory for operating the
CPU 203. Further, the storage unit 206 stores a computer
program for causing the CPU 203 to execute the processing of
the flowcharts in FIGS. 5A and 5B.

A Ul unit I/F 204 is an interface with a Ul unit 105, and
outputs image data to be displayed on the Ul unit 105, to the
UTI unit 105. Further, the Ul unit I/F 204 transmits information
input by a user via the Ul unit 105 to the CPU 203.

The network I/F 205 is connected to the LAN 106 to input
and output image data and various kinds of information.
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These devices are connected to a system bus 201. An image
bus I/F 207 is a bus bridge for connecting the system bus 201
and an image bus 202 for transferring image data at high
speed, and for converting a data structure. The image bus 202
is constructed of a high speed bus such as the Peripheral
Component Interconnect (PCI) bus or the Institute of Electri-
cal and Electronics Engineers (IEEE) 1394.

A device I/F 211 connects the scanner unit 101 and the
printer unit 102, which are an image input and output devices,
to the controller unit 100 to transmit and receive image data.

An input image processing unit 209 performs correction,
processing, and editing on the input image data such as an
image read by the scanner unit 101 or an image externally
received via the LAN 106. Thereafter, the input image pro-
cessing unit 209 performs processing suitable for the print
output or image transmission.

An output image processing unit 210 performs correction
processing according to the characteristics of the printer unit
102 on the image data processed by the input image process-
ing unit 209. Then, the output image processing unit 210
transmits the processed image data to the printer unit 102 via
the device I/F 211. Further, the printer unit 102, which
receives the transmitted image data, performs print process-
ing based on the image data to output the printed document.

An inspection image processing unit 208 performs inspec-
tion processing on the image data of the printed document
read by the inspection unit 103. Further, the inspection image
processing unit 208 generates data to be used for the inspec-
tion processing for the input image data such as an image read
by the scanner unit 101 or an image externally received via the
LAN 106.

FIGS. 3A and 3B illustrate an example of the internal
configuration of the inspection unit 103.

FIG. 3A is a cross-section diagram of the inspection unit
103. The printed document output from the printer unit 102 is
drawn in the inside of the inspection unit 103 by a sheet
feeding roller 301. Then, while the printed document is being
conveyed on a conveyance belt 302, an inspection sensor 303
provided on the conveyance belt 302 reads the image on the
printed document. The image data read by the inspection
sensor 303 is called the scanned image data.

The printed document is output from a discharge roller 304
to the finisher unit 104 after the inspection image processing
unit 208 performs inspection processing (described below)
using the read image. Meanwhile, another inspection sensor
303 (not illustrated) may be arranged under the conveyance
belt 302 to read the back side of the printed document to
handle the two-sided printed document.

FIG. 3B is a top view illustrating a portion of the convey-
ance belt 302 seen from above. In the present exemplary
embodiment, the inspection sensor 303 reads the whole
image of a conveyed printed document 310 along the convey-
ance direction of the printed document 310 successively line
by line. Then, the read image is transmitted to the inspection
image processing unit 208.
<Configuration of Inspection Image Processing Unit>

FIG. 14 illustrates a configuration of the inspection image
processing unit 208.

FIG. 4A illustrates the configuration of the inspection
image processing unit 208 illustrated in FIG. 2. The inspec-
tion image processing unit 208 includes an input image analy-
sis unit 401 and an inspection processing unit 402, and per-
forms inspection processing.

An input image analysis unit 401 generates reference data
to be used by the inspection processing unit 402 from the
input image data such as an image read by the scanner unit
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101 or an image externally received via the LAN 106.
Detailed configuration thereof'is described below with refer-
ence to FI1G. 4B.

The inspection processing unit 402 detects print defects of
the printed document, based on the reference data generated
by the input image analysis unit 401 and the scanned image
data of the printed document acquired by the inspection sen-
sor 303. Detailed configuration thereof is described below
with reference to FIG. 4C.

The inline inspection processing according to the present
exemplary embodiment will be described with reference to
FIG. 5A. A series of processing illustrated in the flowchart in
FIG. 5A is performed by the CPU 203 reading and executing
a computer program stored in the storage unit 206 to control
operations of each processing unit.

In step S501, the input image analysis unit 401 analyzes the
input image data to generate reference data, and stores it in the
storage unit 206.

In step S502, the input image processing unit 209 and the
output image processing unit 210 performs image processing
on the input image data, to generate and transmit image data,
which can be processable by the printer unit, to the printer unit
102. The printer unit 102 performs print processing based on
the received image data to output a printed document.

In step S503, the inspection processing unit 402 performs
inspection processing on the scanned image data to be input
for each band region (described below). With this processing,
a pixel determined to be print defective and a peripheral
region of the pixel determined to be print defective is called an
error region.

Instep S504, the inspection processing unit 402 determines
whether the inspection processing is performed on the
scanned image data in all the band regions for a page. If it is
determined that the processing is performed (YES in step
S504), the processing proceeds to step S505. Otherwise (NO
in step S504), the processing continues to return to step S503
until the inspection is performed on the scanned image data in
all the band regions.

Instep S505, the inspection processing unit 402 determines
whether an error region is present. If it is determined that an
error region is present (YES in step S505), the processing
proceeds to step S506. Otherwise (i.e., no error region is
present in the scanned image data for a page) (NO in step
S505), the processing is ended.

Instep S506, the inspection processing unit 402 determines
for an error region whether the error region is to be subjected
to re-position-adjustment and re-inspection processing. If it is
determined that the error region is to be subjected to re-
position-adjustment and re-inspection processing (YES in
step S506), the processing proceeds to step S507. Otherwise
(NO 1in step S506), the processing proceeds to step S508.

In step S507, the inspection processing unit 402 performs
re-inspection processing on the error region that is deter-
mined that the re-inspection processing is to be performed in
step S506.

Instep S508, the inspection processing unit 402 determines
whether the processing in step S506 is performed on all the
error regions. If it is determined that the processing is per-
formed on all the error regions (YES in step S508), the pro-
cessing proceeds to step S509. Otherwise (NO in step S508),
the processing proceeds to step S506 to perform the process-
ing in step S506 on all the error regions.

In step S509, the CPU 203 performs error processing in
response to the processing result performed in steps S506 to
S508. The processing performed in step S509 is described
below.
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First, the CPU 203 determines whether the error data is
stored in the storage unit 206. The error data is the result of the
re-inspection processing performed in steps S506 to S508. As
a result of the determination, if the error data is not stored in
the storage unit 206, the CPU 203 determines that there is no
print defect on the printed document. Then, the CPU 203
controls the finisher unit 104 to discharge the printed docu-
ment to the output tray of the finisher unit 104.

On the other hand, the error data is stored in the storage unit
206, the CPU 203 determines that a print defect exists on the
printed document. Then, the CPU 203 controls the finisher
unit 104 to discharge the printed document to the escape tray
of finisher unit 104.

Alternatively, in this case, the CPU 203 may control the
printer unit 102 to stop the subsequent print processing, and to
display the error region coordinates of the error data and the
error region image of the error data stored in the storage unit
206 on the Ul unit 105. Hereinabove, the detailed processing
in step S509 is described.

The above-described series of processing performed in
steps S501 to S509 are the inline inspection processing
according to the present exemplary embodiment.

The input image analysis unit 401 performs the processing
in step S501. The input image analysis unit 401 will be
described in detail below.

Referring to FIG. 4B, a configuration of the input image
analysis unit 401 is described in detail. FIG. 4B is a block
diagram of the input image analysis unit 401. The input image
analysis unit 401 includes an input image pre-processing unit
401-A, a resolution conversion unit 401-B, a feature amount
extraction unit 401-C, a patch extraction unit 401-D, a band
division unit 401-E, a reference data storage unit 401-F.

The input image pre-processing unit 401-A performs pro-
cessing on the input image data in consideration of the optical
characteristics of the inspection sensor 303. The processing in
consideration of the optical characteristics is, for example,
smoothing processing in consideration of the blur of the
image data caused by the inspection sensor 303. That is, a
portion having strong and weak densities is read with a gentle
slope.

The resolution conversion unit 401-B generates image
data, which is converted from the image data processed by the
input image pre-processing unit 401-A into the image data
with a resolution (for example, 300 dpi) that can be compared
with a scan image read by the inspection sensor 303. The
image data generated at this time is referred to reference
image data.

In addition, the image data including the same content as
the image to be printed on a sheet is referred to as an original
image. Inthe present exemplary embodiment, the inputimage
data, the image data having processed by the input image
pre-processing unit 401-A, and the reference image data are
the original images.

FIG. 8A illustrates an example of the reference image data.
FIG. 8A illustrates that the reference image data is configured
of dark and faint color characters and pictures.

The feature amount extraction unit 401-C extracts a feature
amount of the image from the reference image data generated
by the resolution conversion unit 401-B. In the present exem-
plary embodiment, the feature of an image indicates an edge
feature of the image (density difference of an image), the
feature amount extraction unit 401-C, for example, using 5x5
edge extraction filterer, extracts edge feature intensity (edge
intensity) as feature amount image data.

FIG. 8B illustrates an example of the feature amount image
data. In FIG. 8B, portions having strong edge feature (edge
intensity is strong) are expressed to be dark. As is seen there-
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from, as the feature amount image data, among the reference
image data, outlines of the dark color characters are well
extracted.

The patch extraction unit 401-D extracts, as a patch region
(reference patch) to be used for position adjustment, a periph-
eral region of the pixel of the reference image data having a
large feature amount (central pixel), using the feature amount
image data extracted by the feature amount extraction unit
401-C. Herein, for example, the pixel having an edge inten-
sity higher than a predetermined threshold is set to be the
central pixel.

Then, the patch extraction unit 401-D extracts the periph-
eral region of the 128x128 pixels (patch size) including the
central pixel as a reference patch. The patch extraction unit
401-D generates the reference image data in the reference
patch, the coordinate position of the central pixel (central
coordinate position), the intensity of the feature amount as
patch information.

In addition, in a case where a plurality of reference patches
are overlapped since the distance between the central pixels is
short, the patch extraction unit 401-D extracts the central
pixel with a higher feature amount as a reference patch. In
other words, the patch extraction unit 401-D extracts a feature
point of the reference image data.

FIG. 8C illustrates a result in which reference patch is
extracted from the feature amount image data. FIG. 8C illus-
trates that the reference patches are extracted well from the
portions of the reference image data having dark color char-
acters.

The band division unit 401-E determines a size of each
band region (band size) for comparing the target image data
(described below) and the reference image data for each
image region with a predetermined size (band region). Then,
the band division unit 401-E determines a reading start posi-
tion and a reading end position of each band region for read-
ing out the reference image data by each determined band size
for each band region.

More specifically, in the present exemplary embodiment,
the band division unit 401-E determines each band size to be
an equal predetermined size. Then, the band division unit
401-E determines the reading start position of the first band
region to be a leading position of the reference image data.
Then, the band division unit 401-E determines the reading
end position of the first band region to be a position where a
predetermined band size is added to the reading start position.

Then, the band division unit 401-E determines the reading
start position of the second band region as the first reading end
position, and the reading end position of the second band
region to be a position where a predetermined band size is
added to the reading start position of the second band region.
The reading start positions and reading end positions of the
third band region and subsequent band regions are deter-
mined similarly as described above.

FIG. 8D is a schematic diagram illustrating a state where an
image is divided into a plurality of band regions by the band
size determined by the band division unit 401-E. FIG. 8D
illustrates that reference image data is divided into 5 band
regions each having an equal band size. Herein, the band
regions are divided by the band borders. However, since the
corresponding pixels may exist over the band borders when
the position adjustment is performed, a plurality of pixels is
set as overlap pixels. In this case, the band region size and the
reading start position and the reading end position of each
band region are set to be values including values for an over-
lapped region.

Further, viewing FIG. 8D in detail, in the second band
region (second band region from the top), sufficient reference
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patches are arranged over the entire band region evenly. Fur-

ther, in the fourth band region, though the number of the

reference patches is few, it is understandable that reference
patches are arranged on both sides of the band region.

On the other hand, in the first band region, it is understand-
able that reference patches are arranged on the left side
unevenly. In this case, if the reference patches are arranged on
the right side unevenly with respect to the left side of the band
region, in the position adjustment described below, the posi-
tion adjustment of'the right side will fail (see FIG. 9B). Then,
since faint color characters are located on the right side of the
first band region of the reference image data, in the inspection
determination described below, it is determined to be a print
defect (see FIGS. 9C and 9D).

Lastly, areference data storage unit 401-F is described. The
reference data storage unit 401-F stores the following data of
(1) to (3) as reference data in the storage unit 206.

(1) reference image data generated by the resolution conver-
sion unit 401-B.

(2) patch information of each reference patch generated by
the patch extraction unit 401-D.

(3) areading start position and a reading end position of each
band region determined by the band division unit 401-E.
The detailed configuration of the input image analysis unit

401 has been described above. In addition, the processing in

step S501 is performed by executing the processing by the

input image pre-processing unit 401-A to the reference data
storage unit 401-F in sequence.

The inspection processing unit 402 performs the process-
ing in steps S503 to S508. The inspection processing unit 402
is described below.

First, referring to FIG. 4C, the detailed configuration of the
inspection processing unit 402 is described, and then, the
detailed processing performed in steps S503, S506, and S507
is described.

FIG. 4C is a block diagram illustrating the inspection pro-
cessing unit 402. The inspection processing unit 402 includes
a resolution conversion unit 402-A, a patch specification unit
402-B, a parameter calculation unit 402-C, a position adjust-
ment unit 402-D, a difference image generation unit 402-E, a
determination unit 402-F, a determination result storage unit
402-G, an adjacent patch selection unit 402-H.

The resolution conversion unit 402-A receives scanned
image data corresponding to a band region, to convert it into
image data with an equivalent resolution to the reference
image data (for example, 300 dpi). The scanned image data
after resolution conversion is referred to as a target image data
(refer to FIG. 9A).

In addition, the image data representing the same content
as the image content printed on a sheet is also referred to as an
inspection image. In the present exemplary embodiment, the
scanned image data, and the target image data are referred to
as an inspection image.

The patch specification unit 402-B specifies the coordi-
nates corresponding to the central coordinates of the refer-
ence patch in the target image data in the band region, using
the reference data stored in the storage unit 206.

As illustrated in FIG. 10, for example, the patch specifica-
tion unit 402-B specifies the coordinate position (x1', y1')
(corresponding coordinate position) in the target image data
(target patch) corresponding to the central coordinate posi-
tion (x1, y1) of the reference patch. A known method is used
for the specification.

The parameter calculation unit 402-C calculates param-
eters (position adjustment parameters) to be used for the
position adjustment between the reference image data and the
target image data. In addition, in the present exemplary
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embodiment, the position adjustment is performed by using
affine transformation, and the position adjustment parameters
“a” to “” in the following equation 1.

MESNEN

The parameters a, b, ¢, d, e, fto be used in the conversion
equation 1 are calculated using the least-square method based
on the relationship between the central coordinate position of
the reference image data and the corresponding coordinate
position of the target image data. More specifically, the
parameter calculation unit 402-C obtains a conditional
expression for each reference patch, and, using the obtained
conditional expression, the parameter calculation unit 402-C
calculates parameters satisfying the conditional expression.
The conditional expression is such that the x, y, x', and y' in the
conversion equation are substituted by the x1, y1,x1', and y1'
of the coordinate position, which correspond to each other,
and specified by the patch specification unit 402-B.

The position adjustment unit 402-D performs the position
adjustment between the reference image data and the target
image data using parameters calculated by the parameter
calculation unit 402-C (refer to FIG. 9B).

The difference image generation unit 402-E compares the
position adjusted reference image data and the target image
data to generate difference image data (refer to FIG. 9C).

The determination unit 402-F determines whether a print
defect is present based on the difference image data generated
by the difference image generation unit 402-E (refer to FIG.
9ID).

The determination result storage unit 402-G stores in the
storage unit 206 error data of a pixel which the determination
unit 402-F has determined to be a print defect. The error
region is a peripheral region including the pixel determined to
be a print defect and adjacent pixels (for example, 128x128
pixels).

The adjacent patch selection unit 402-H determines
whether a reference patch is present in a region adjacent to the
coordinate position of the pixel having determined to be a
print defect by the determination unit 402-F. If the reference
patch is present, the adjacent patch selection unit 402-H trans-
mits the patch information of the adjacent reference patch to
the parameter calculation unit 402-C.

The processing in step S503 is described in detail referring
to FIG. 6A. FIG. 6A is a flowchart illustrating a processing
flow performed in step S503. This processing is performed for
each band region that is to be a processing target. When the
series of processes performed in step S601 to S607a are
completed, to set the next band region as a processing target,
the reading start position and the reading end position of the
band region are updated.

In step S601, the resolution conversion unit 402-A receives
the reference data to obtain the reading start position and the
reading end position of the band region that is set to be a
processing target, and specifies the size of the band region
(band size) based on the difference between the reading end
position and the reading start position.

Then, the resolution conversion unit 402-A receives
scanned image data for each line, performs buffering of the
scanned image data corresponding to the band size, and per-
forms resolution conversion on the scanned image data in the
band region.

equation 1
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FIG. 9A illustrates an example of target image data. The
dark color character images and the faint color character
images are read in the target image data in a skewed manner.

Further, the resolution conversion unit 402-A obtains the
reference image data in the band region that is a processing
target using the reading start position and the reading end
position of the reference image data stored in the storage unit
206.

In step S602, the patch specification unit 402-B specifies
the corresponding coordinate position that corresponds to the
central coordinate position of the reference patch by using the
reference data stored in the storage unit 206.

The specific processing is described below. The patch
specification unit 402-B obtains patch information included
in the reference image data of the band region which is the
target of the processing.

Then, the patch specification unit 402-B obtains the refer-
ence image data of the reference patch (reference patch
image) and the central coordinate position of the reference
patch from the obtained patch information (refer to FIG.
10A). The upper figure in FIG. 9B illustrates an example
reference patch.

The patch specification unit 402 obtains target image data
(target patch image) in the region having the same size as the
patch size of the reference patch with the same coordinate
position of the central coordinate position of the reference
patch as a center.

Then, the patch specification unit 402-B calculates the shift
amount between the images using a known method.
Examples of the methods include, for example, a method in
which the fast Fourier transformation (FFT) processing is
performed on both of the reference patch image and the target
patch image to obtain a cross-correlation coefficient in a
frequency space of the images, and the peak value of the
coefficient is obtained as the shift amount. The shift amount
indicates the amount of the shift of the central coordinate
position with respect to the corresponding coordinate posi-
tion.

The patch specification unit 402-B calculates the corre-
sponding coordinate position of the target patch from the
obtained shift amount and the central coordinate position of
the reference patch. Further, the patch specification unit
402-B stores in the storage unit 206 information indicating
the correspondence relationship between the central coordi-
nate position and the corresponding coordinate position (in-
ter-patch correspondence information) so that, by referring to
the central coordinate position of the reference patch, the
corresponding coordinate position of the target patch, which
is the shifted position of the central coordinate position, can
be obtained.

The inter-patch correspondence information is also used in
step S507. In other words, the patch specification unit 402-B
extracts the feature point of the target image data.

Then, the patch specification unit 402-B transmits the
patch information of the reference data in the band region that
is the processing target, to the parameter calculation unit
402-C.

In step S603a, the parameter calculation unit 402-C
acquires the patch information from the patch specification
unit 402-B. Then, the parameter calculation unit 402-C refers
to the inter-patch correspondence information of the coordi-
nate positions stored in step S602, based on the central coor-
dinate position of the obtained patch information, and thereby
obtains the corresponding coordinate position.

Next, the parameter calculation unit 402-C obtains a posi-
tion adjustment parameter from the central coordinate posi-
tion of the acquired reference patch and the corresponding
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coordinate position of the target patch, using the above
described method. That is, the parameter calculation unit
402-C obtains a first position adjustment parameter based on
the original image in the band region and the feature point of
the inspection image.

Instep S604a, the position adjustment unit 402-D performs
affine transformation on the reference image data of the band
region that is a processing target using the obtained affine
transformation parameter. Thus, the position adjustment of
the reference image data and the target image data is per-
formed.

The down side figure in FIG. 9B illustrates an example of
the reference image data subjected to position adjustment by
the affine transformation, the broken line rectangle indicates
the position of the reference image data before subjected to
the affine transformation. In other words, the position adjust-
ment unit 402-D performs a first position adjustment on the
images in the band region that is the processing target using
the first position adjustment parameter.

In step S605a, the difference image generation unit 402-E
compares, the reference image data and the target image data
subjected to the position adjustment by the position adjust-
ment unit 402-D to obtain the difference of the reference
image data and the target image data, and thereby generates
the difference image data. More specifically, the difference
image data is generated by setting the pixel data in each
coordinate position of the difference image data to be the
absolute value of the difference of the image data in each
coordinate position of the image data after position adjust-
ment, as expressed by the following equation.

difference image data=|reference image data—target
image datal

FIG. 9C illustrates an example of the comparison between
the reference image data and the target image data after posi-
tion adjustment. Both ends of each broken line, which extends
from the target image data located on the left side in FIG. 9C
to the reference image data after position adjustment located
on the right side in FIG. 9C, indicate the correspondence
relationship of the coordinate positions of the pixels to be
compared between the reference image data and the target
image data.

More specifically, FIG. 9C illustrates that, since the refer-
ence patch is shifted to the left side, the image of the left side
of the dark color characters of the target image data is posi-
tion-adjusted with high accuracy, however, that the image of
the right side of the faint color characters is not position-
adjusted with insufficient accuracy. Therefore, in the image
region of the right side of the faint color characters, difference
between the reference image data and the target image data
becomes large.

In step S606qa, the determination unit 402-F performs
threshold processing on the difference image data generated
by the difference image generation unit 402-E and determines
that the target image data corresponding to the coordinate
position of the pixel having larger difference image data than
the threshold as a print defect. In other words, the determina-
tion unit 402-F determines whether difference is present
between the reference image data and the target image data by
performing threshold processing on the difference image
data.

FIG. 9D illustrates an example of an error region that is
determined to be a print defect as a result of the threshold
processing on the difference image data. In FIG. 9D, the
image region of the faint color characters where the differ-
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ence between the reference image data and the target image
data becomes large in the comparison in FIG. 9C is deter-
mined to be an error region.

In step S607a, the determination result storage unit 402-G
stores the error data of the pixel determined by the determi-
nation unit 402-F to be a print defect in the storage unit 206.

More specific processing of the above processing is
described hereinbelow. First, the determination result storage
unit 402-G specifies the coordinate position of the pixel (the
error region coordinate position) determined by the determi-
nation unit 402-F to be a print defect. Ten, the determination
result storage unit 402-G specifies the target image data (error
region image data) in the peripheral region (error region) of
several pixelsxseveral pixels (for example, 128x128 pixels)
including the specified coordinate position.

Then, the determination result storage unit 402-G stores
the specified error region coordinate position and the error
region image data as data of the error region (i.e., error data)
in the storage unit 206. For the size of the peripheral region
that can be designated as the error region, another fixed value
or a value set by a user instruction via the Ul unit 105 may be
used. The detailed processing of the inspection processing for
each band region performed in step S503 has been described
above.

The processing in step S506 is described in detail referring
to FIGS. 11A and 11B. The processing in this step is deter-
mination processing for determining whether an error region
is a region to be subjected to the re-position-adjustment and
the re-inspection processing, and performed by the adjacent
patch selection unit 402-H. Further, the processing is per-
formed for each error region.

First, the adjacent patch selection unit 402-H acquires error
data of the error region (i.e., processing target) and reference
data from the storage unit 206. Subsequently, the adjacent
patch selection unit 402-H acquires coordinate position of the
reference image data corresponding to the acquired error
data. The coordinate position is called a reference error region
coordinate position.

Subsequently, the adjacent patch selection unit 402-H
determines whether the central coordinate position of the
reference patch is included in a range from the reference error
region coordinate position of the error data to a predetermined
distance. In other words, the adjacent patch selection unit
402-H determines whether the reference patch is present in a
region adjacent to the error region.

In addition, “the central coordinate position of the refer-
ence patch is included in a range from the reference error
region coordinate position to a predetermined distance”
means that the reference patch is present in a region adjacent
to the error region. Then, “the central coordinate position of
the reference patch is not included in a range from the error
region coordinate position of the error data to a predetermined
distance” means that the reference patch is not present in a
region adjacent to the error region.

Through this processing, it can be known that the reason
why the error region is detected is related to the position
adjustment accuracy of the target image data and the refer-
ence image data in the error region.

In other words, in a case where the reference patch is
present in a region adjacent to the error region, it is supposed
that the accuracy of the position adjustment between the
reference image data and the target image data is not bad, and
the detection reason of the error region is not caused by the
accuracy of the position adjustment. Otherwise, the detected
error region may not be detected if the accuracy of the posi-
tion adjustment of the reference image data and the target
image data in the error region is improved.
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Therefore, in a case where the reference patch is present in
aregion adjacent to the error region, the adjacent patch selec-
tion unit 402-H determines that the error region is a region
where no re-position-adjustment is to be performed (NO in
step S506), and the processing proceeds to step S508. On the
other hand, in a case where the reference patch is not present
in a region adjacent to the error region, the adjacent patch
selection unit 402-H determines that the error region is a
region where re-position-adjustment is to be performed (YES
in step S506), the processing proceeds to step S507.

The processing performed by the adjacent patch selection
unit 402-H in a case where the processing proceeds to step
S507 is described.

The adjacent patch selection unit 402-H transmits the patch
information of the reference data in a current band region
including the reference error region coordinate position and
the band region adjacent to the current band region to the
parameter calculation unit 402-C as patch information to be
used for the re-position-adjustment in the error region.

More specifically, in the present exemplary embodiment,
the adjacent patch selection unit 402-H selects and transmits
the patch information of the reference data positioned within
a predetermined distance from the reference error region
coordinate position among the pieces of patch information in
the current and adjacent band region.

Referring to FIGS. 11A and 11B, the description thereof'is
given. With respect to the error region illustrated in FIG. 11A,
the adjacent patch selection unit 402-H determines whether
the central coordinate position of the reference patch is
included in an adjacent band region and a circle around the
error region coordinate position, as illustrated in FIG. 11B.

It can be seen that, in FIG. 11B, central coordinate posi-
tions of three reference patches are included. Therefore, it is
determined that the reference patch is present in a region
adjacent to the error region. Then, the adjacent patch selection
unit 402-H transmits the patch information of the three ref-
erence patches to the parameter calculation unit 402-C.

In addition, the selection method for selecting the patch
information to be transmitted may be, for example, a method
by selecting patch information based on the conditions illus-
trated in FIG. 12, in addition to the method described above
referring to FIGS. 11A and 11B.

More specifically, the adjacent patch selection unit 402-H
determines which region the patch information belongs to in
the graph in FIG. 12, based on the patch information (inten-
sity of the feature amount and the central coordinate position)
and the error region coordinate position. Then, the adjacent
patch selection unit 402-H selects the patch information to be
used for the re-inspection processing in a case where the patch
information belongs to the OK region. On the other hand, the
adjacent patch selection unit 402-H does not select the patch
information in a case where the patch information belongs to
the NG region.

In this way, by performing weighting of the selection with
respect to the intensity of the feature amount of the reference
patch and the distance, the accuracy of the patches to be used
for the position adjustment of the error region can be
increased.

The weighting of the selection is performed because even
though patch information is closer to the error region but if the
intensity of the feature amount is low, the edge (feature point)
may not be sharp. Therefore, it may not be useful patch
information for the position adjustment.

Further, even though the intensity of the feature amount of
the patch information is high, but if the distance from the error
region coordinate position is far, the patch information (espe-
cially, the central coordinate position) may be affected by a
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geometric deformation that is different from that adjacent to
the error region. Therefore, the patch information may not be
useful for the position adjustment. The detailed processing
performed in step S506 has been described above.

The processing performed in step S507 is described in
detail referring to FIG. 6B. FI1G. 6B is a flowchart illustrating
processing performed in step S507. The flowchart illustrates
re-inspection processing in which re-position-adjustment is
performed and the detection of the print defect is performed
again about the error region.

In step S6035, the parameter calculation unit 402-C speci-
fies reference image data in the band region including the
error region coordinate position. Further, the parameter cal-
culation unit 402-C obtains the patch information transmitted
by the adjacent patch selection unit 402-H in step S506.

Then, the parameter calculation unit 402-C obtains the
central coordinate position of the reference patch from the
obtained patch information (1) and (2), and then obtains the
corresponding coordinate position of the target patch having
correspondence relationship with the central coordinate posi-
tion.

To obtain the corresponding coordinate position of target
patch, the information of the correspondence relationship
between the central coordinate position of the reference patch
and the corresponding coordinate position of the target patch
stored in step s602 by the patch specification unit 402-B in the
storage unit 206.

That is, the parameter calculation unit 402-C searches the
information of the correspondence relationship for the central
coordinate position of the reference patch to obtain the cor-
responding coordinate position of the corresponding target
patch.

The parameter calculation unit 402-C obtains affine trans-
formation parameters a, b, ¢, d, e, and f by a similar way
performed in step S503 after obtaining the central coordinate
position of the reference patch and the corresponding coor-
dinate position of the target patch.

Thus obtained affine transformation parameters are param-
eters in which the patch information of the reference patch
adjacent to the error region is taken into consideration. The
affine transformation parameters can be referred to as second
position adjustment parameters.

In step S6045, the position adjustment unit 402-D performs
affine transformation on the reference image data in the band
region specified by the parameter calculation unit 402-C,
using the obtained affine transformation parameters.

Through the processing, error region image data and the
reference image data are position adjusted (second position
adjustment) by using the patch information of other than the
band region (i.e., adjacent band region) to which the error
region belongs. As a result, the accuracy of the position
adjustment is higher than that of the position adjustment
performed in step S503, because the patch information of the
region adjacent to the error region is used.

In step S6055, the difference image generation unit 402-E
generates difference image data between the reference image
data and the error region image data subjected to the re-
position-adjustment regarding the error region. The differ-
ence image data is generated in a similar way to that in step
S605a.

In step S6065, the determination unit 402-F determines a
print defect using the difference image data of the error
region, in a similar way to step S606a.

In step S6075, the determination result storage unit 402-G
stores the error data in the storage unit 206, in a similar way
to step S607a.
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The details of the re-inspection processing performed in
step S507 has been described above.

Referring to FIGS. 13A, 13B, 13C, and 13D, the advanta-
geous effect of the present exemplary embodiment is
described.

FIG. 13A is an example of the target image data including
the error region detected by the inspection processing in step
S503. That is the same image data as that in FIG. 9D.

The upper figure in FIG. 13B is a diagram illustrating the
reference patch included in the adjacent band region selected
by the processing in step S506. Further, the lower figure in
FIG. 13B illustrates a state where re-position-adjustment is
performed by performing affine transformation on the error
region in the reference image data using the reference patch
illustrated in the upper figure in FIG. 13B. In FIG. 13B, the
broken line rectangle indicates the position of the reference
image data before subjected to the affine transformation.

FIG. 13C is a diagram illustrating a comparison between
the error region in the reference image data after subjected to
the re-position-adjustment illustrated in FIG. 13B, and the
error region in the target image data illustrated in FIG. 13A.
Both ends of each broken line, which extends from the target
image data located on the left side in FIG. 13C to the reference
image data after re-position-adjustment located on the right
side in FIG. 13C, indicate the correspondence relationship of
the coordinate positions of the pixels to be compared between
both image data.

More specifically, FIG. 13C illustrates that the image of the
right side of the faint color characters are position-adjusted
withhigh accuracy. This is because the reference patches used
for the re-position-adjustment are respectively in the adjacent
band region adjacent to the error region.

Accordingly, in the comparison between the position-ad-
justed image data in FIG. 13C, error region detection due to
poor position adjustment does not occur. FIG. 13D illustrates
that, in the processing in step S503, the region that was
detected as an error region is not detected as an error region by
the re-inspection processing.

Therefore, according to the present exemplary embodi-
ment, by performing re-inspection processing accompanied
with the re-position-adjustment on the error region, using
additionally the patch information adjacent to the error
region, the error region, which is detected due to poor position
accuracy, can be reduced. Therefore, when inspection pro-
cessing is performed for each band region and features suit-
able for the position adjustment are few in the band region, the
deterioration of the inspection processing accuracy can be
restrained.

In the first exemplary embodiment, the inspection process-
ing unit 402 performs the processing in step S505, and if an
error region is present, the re-inspection processing is per-
formed on the error region. However, it may be determined
that the re-inspection processing is to be performed after the
cause of the error region is specified.

For example, as illustrated in the difference image data in
FIG. 14, if the area of the print defect pixels (corresponding to
the area of the white portion) is larger than a predetermined
area, the inspection processing unit 402 determines that the
error region is detected due to the cause other than the accu-
racy of the position adjustment, and re-inspection processing
is not performed. On the other hand, if the area of the print
defect pixels is smaller than the predetermined area, the
inspection processing unit 402 performs re-inspection pro-
cessing on the detected error region.

As the present modification example, by determining
whether the re-inspection processing is to be performed
according to the area of the print defect pixels, the calculation
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amount required for complicated processing such as a calcu-
lation of the position adjustment parameters needed to per-
form the re-inspection processing, can be reduced.

In the first exemplary embodiment, the inspection process-
ing unit 402 performs the processing in step S506, and by
determining whether the reference patch is present in a region
adjacent to the error region, and determines whether to per-
form re-inspection processing. However, the present inven-
tion is not limited thereto, and whether to perform re-inspec-
tion processing on the error region may be determined based
on the error region coordinate position in the band region.

For example, as illustrated in FIG. 15, in one band region,
if a plurality of error regions is present and at least one of the
plurality of error regions is detected in a position where the
reference patch is extracted, the inspection processing unit
402 does not perform the re-inspection processing. This is
because, since the error region is detected in a position where
accuracy of the position adjustment is relatively high, such an
error region will be detected again as an error region even if
the re-inspection processing is performed. Otherwise, the
inspection processing unit 402 performs the re-inspection
processing.

As the present modification example, by determining
whether the re-inspection processing is performed based on
the positional relationship between the detection position of
the error region in the band region and the reference patch, the
calculation amount required for complicated processing such
as a calculation of the position adjustment parameters needed
to perform the re-inspection processing, can be reduced.

In the first exemplary embodiment, the inspection process-
ing unit 402 performs the processing in step S506, and by
determining whether the reference patch is present in a region
adjacent to the error region, and determines whether to per-
form the re-inspection processing. However, whether to per-
form the re-inspection processing may be determined accord-
ing to the types of the sheet (paper type) of the printed
document.

FIG. 16 illustrates a setting screen displayed on the UI unit
105. For example, as illustrated in FIG. 16, according to the
paper type, ON/OFF of the re-inspection processing can be
set. The re-inspection processing can be executed only for the
printed document of the paper type designated by the user.

According to the present modification example, re-inspec-
tion processing is performed only for the printed document of
the paper type designated by the user. Therefore, by setting
the re-inspection processing for the normal paper to be OFF,
for example, it is possible not to perform exactly the inspec-
tion processing on the printed document of the plain paper
used for printing the content generally not so important.

On the other hand, for example, by setting the re-inspection
processing for thick paper to be ON, the inspection process-
ing can be performed exactly on the thick paper, because thick
paper is often used as a cover whose printed image tends to be
viewed by many people. In this way, by setting ON/OFF of
the re-inspection processing according to the paper type,
inspection accuracy can be changed according to the impor-
tance of the paper.

In the first exemplary embodiment, the inspection process-
ing unit 402 performs the processing in step S506, and by
determining whether the reference patch is present in a region
adjacent to the error region, the re-inspection processing is
determined whether to be performed or not. However, it may
be determined whether the re-inspection processing is per-
formed according to the process speed (i.e., the image forma-
tion speed performed by the printer unit 102).

The printer unit 102 changes, in order to increase the image
fixability to a sheet (such as paper), which is an image form-
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ing target, the process speed according to the paper type to
prevent toner from peeling off from the paper surface, and
from remaining on the fixing belt. For example, since the
process speed of the thick paper is slower than that of the plain
paper, the re-inspection processing for the thick paper can be
longer.

FIG. 17 illustrates a setting screen displayed on the UT unit
105. As illustrated in FIG. 17, ON/OFF setting of the re-
inspection processing can be performed according to the pro-
cess speed, and only when image formation is performed at a
process speed designated by the user, the re-inspection pro-
cessing can be performed. In this way, the inspection process-
ing suitable for the image forming process of the printer unit
becomes possible.

Further, the inspection processing unit 402 does not per-
form re-inspection processing, when the process speed is a
normal speed (constant speed), but may perform re-inspec-
tion processing when the process speed is faster than the
normal speed (V2 speed or %3 speed).

In the first exemplary embodiment, after inspection pro-
cessing for all the band regions is completed (i.e., after deter-
mining “NO” in step S504), re-inspection processing is per-
formed. In the present exemplary embodiment, with respect
to the band region of the processing target, inspection pro-
cessing in step S503 and re-inspection processing in step
S507 are performed in sequence.

The configuration is described referring to FIG. 5B. Mean-
while, steps with same numerals as those in FIG. 5A, the same
processing as that in FIG. 5A is performed. Further, the con-
figuration of the present exemplary embodiment, if not oth-
erwise specified, is similar to that of the first exemplary
embodiment, and therefore, the descriptions thereof are omit-
ted.

First, the processing in steps S501 and S502 is performed.
Next, in step S503, inspection processing of the band region
is performed. Then, the inter-patch correspondence informa-
tion is stored in the storage unit 206.

Then, in step S506, it is determined whether the error
region detected by the inspection processing performed in
step S503 is a region on which the re-inspection processing is
to be performed. If'it is determined the re-inspection process-
ing is to be performed (YES in step S506), the processing
proceeds to step S507. Otherwise (NO in step S506), the
processing proceeds to step S513.

In step S507, on the error region that is determined in step
S506 to be subjected to re-inspection processing, re-inspec-
tion processing is performed using the inter-patch correspon-
dence information stored in the storage unit 206.

In this case, the first band region has no band region that
was a processing target immediately before the first band
region. Therefore, when inspection processing is performed
on the error region of the first band region, re-inspection
processing may be performed when the inter-patch corre-
spondence information of the band regions after the second
band region is stored in the storage unit 206.

In step S513, the CPU 203 determines whether to terminate
the inspection processing/re-inspection processing of the
printed document. The details of the processing performed in
step S513 are described.

First, the CPU 203 determines whether the error data,
which is the result of the re-inspection processing in step
S507, is stored in the storage unit 206, and the band region
that is a processing target is the last band region.

As a result thereof, if the error data is not stored in the
storage unit 206, and the band region that is a processing
target is the last band region, the CPU 203 determines that the
printed document has no print defect (YES in step S513), and
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the processing is terminated. Further, the CPU 203 controls
the finisher unit 104 to discharge the printed document to the
output tray the finisher unit 104.

Further, if the error data is stored in the storage unit 206, the
CPU 203 determines that the printed document has a print
defect (YES in step S513), and the processing is ended
regardless of whether all the band regions are processed.
Further, the CPU 203 controls the finisher unit 104 to dis-
charge the printed document to the escape tray of the finisher
unit 104. In this case, the CPU 203 may control the printer
unit 102 to cancel the subsequent print processing and to
display on the Ul unit 105 the error region coordinate position
of the error data stored in the storage unit 206 and the error
region image.

On the other hand, the processing target band region is not
the last band region, nor the error data is stored in the storage
unit 206 (NO in step S513), the CPU 203 advances the pro-
cessing to step S503 to continue the inspection processing/
re-inspection processing. Hereinabove, the processing in step
S513 has been described in detail.

In this way, the inspection processing and the re-inspection
processing are sequentially performed, and based on the
result thereof, the continuation and termination of the pro-
cessing is determined. As a result, at a time when it is deter-
mined that the print defect is present, the processing can be
stopped. Therefore, the processing time taken for the inspec-
tion processing/re-inspection processing can be reduced.

In the first exemplary embodiment, the inspection process-
ing unit 402 performs re-inspection processing on the error
region after performing re-position-adjustment further using
the reference patch of the adjacent band region. Thus, the
issue that the deterioration of the position adjustment accu-
racy when the inspection processing is performed for each
band region is solved.

In a third exemplary embodiment, the configuration in
which inspection processing for each band region is per-
formed without performing re-inspection processing. More
specifically, according to the present exemplary embodiment,
by expanding the band region in advance based on the patch
information of the reference data, at the time of the inspection
processing of the band region, the patch information included
in the band region is prevented from being insufficient.
Thereby, even when the inspection processing is performed
for each band region, position adjustment accuracy is pre-
vented from being deteriorated.

Hereinbelow, the band division unit 401-E according to the
present exemplary embodiment is described. However, con-
figurations of other portions are similar to those of the first
exemplary embodiment, and the descriptions thereof are
omitted.

FIG. 7 is a flowchart illustrating a processing flow executed
by the band division unit 401-E according to the present
exemplary embodiment.

In step S701, the band division unit 401-E initializes the
variable n, which represents the number of the band regions,
to be 1, the reading start position of the n-th band region (i.e.,
first in this case) is set to the leading position of the reference
image data (referred to as initialization).

In step S702, the band division unit 401-E sets the reading
end position of the n-th band region to a position where a
predetermined band size is added to the reading start position
of'the n-th band region, if the reading end position of the n-th
band region is not set. Then, the band division unit 401-E
obtains from the patch extraction unit 401-D the patch infor-
mation included in the reference image data from the reading
start position to the reading end position.
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In step S703, the band division unit 401-E calculates the
number of the reference patches and the distribution thereof
from the patch information obtained in step S702. Then, the
band division unit 401-E determines (evaluates) whether the
calculated number of the reference patch and the distribution
(i.e., information of the feature point of the reference image
data) satisfy conditions sufficient for using the position
adjustment.

That is, the band division unit 401-E determines (evalu-
ates) whether the patch information is sufficient. If it is deter-
mined that the patch information is sufficient (YES in step
S703), the processing proceeds to step S704. Otherwise (NO
in step S703), the processing proceeds to step S705.

FIG. 18 illustrates a condition that is a determination ref-
erence in step S703. FIG. 18 is a histogram illustrating a
frequency distribution of the reference patches at each main
scanning position of the band region. In the present exem-
plary embodiment, the main scanning position is a position
along the longitudinal direction of the band region illustrated
in FIG. 8D and FIG. 9 (i.e., x1, X2, . . ., xn). The frequency is
the number of the reference patches at each main scanning
position.

In step S703, the condition on which the information is
determined to be sufficient, the frequency at each main scan-
ning position is larger than a predetermined threshold. Refer-
ring to FIG. 18, in a case where the frequencies of d1 to dn
respectively corresponding to main scanning positions x1 to
xn satisty the following condition, the patch information is
determined to be sufficient.

d1>threshold, and d2>threshold, . . ., and
dn>threshold

In step S704, the band division unit 401-E determines the
n-th band region. More specifically, the band division unit
401-E stores the reading start position and the reading end
position of the n-th band region in the storage unit 206, and
sets the reading end position of the n-th band region to the
reading start position of the (n+1)-th band region. Then, the
band division unit 401-E increments the valuable n by 1, and
the processing proceeds to step S707.

In step S705, the band division unit 401-E determines
whether the reading end position of the n-th band region can
be re-set to a position to which an additional band size is
added.

In other words, the band division unit 401-E determines
whether the n-th band region can be expanded. If it is deter-
mined that n-th band region can be expanded (YES in step
S705), the processing proceeds to step S706. Otherwise (NO
in step S705), the processing proceeds to step S704.

In the present exemplary embodiment, whether the n-th
band region can be expanded is determined based on whether
the band size of the n-th band region before expansion
exceeds a predetermined maximum value. If the band size of
the n-th band region exceeds the predetermined maximum
value, it is determined that the n-th band region cannot be
expanded. On the other hand, if the band size of the n-th band
region does not exceed the predetermined maximum value, it
is determined that the n-th band region can be expanded.

In step S706, as illustrated in FIG. 19, the band division
unit 401-F re-sets the reading end position of the n-th band
region to a position to which the additional band size is added,
and the processing proceeds to step S702.

In step S707, the band division unit 401-E determines
whether to set the next band region by determining whether
the reading start position of the n-th band region is behind the
end position of the reference image data. If it is determined
that the next band region is set (YES in step S707), the
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processing proceeds to step S702. Otherwise (NO in step
S707) the, processing is terminated.

The reading start position and the reading end position of
each band region set through the series of processing is stored
in the storage unit 206 as the reference data. Then, the reading
start positions and reading end positions stored in the storage
unit 206 is used for the inspection processing performed by
the inspection processing unit 402.

According to the present exemplary embodiment, by
expanding the band region dynamically, even when the
inspection processing is performed for each band region, the
deterioration of the position adjustment accuracy can be
restrained.

Aspects of the present invention can also be realized by a
computer of a system or apparatus (or devices such as a CPU
or MPU) that reads out and executes a program recorded on a
memory device to perform the functions of the above-de-
scribed embodiments, and by a method, the steps of which are
performed by a computer of a system or apparatus by, for
example, reading out and executing a program recorded on a
memory device to perform the functions of the above-de-
scribed embodiments. For this purpose, the program is pro-
vided to the computer for example via a network or from a
recording medium of various types serving as the memory
device (e.g., computer-readable medium). In such a case, the
system or apparatus, and the recording medium where the
program is stored, are included as being within the scope of
the present invention.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
modifications, equivalent structures, and functions.

This application claims priority from Japanese Patent
Application No. 2011-272164 filed Dec. 13, 2011, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. An inspection apparatus configured to perform position
adjustment between a reference image and a target image of a
printed document to inspect the printed document, the inspec-
tion apparatus comprising:

an extraction unit configured to extract a feature point of
each of the reference image and the target image used for
the position adjustment;

an acquisition unit configured to acquire an image in a band
region of a predetermined size from each of the refer-
ence image and the target image;

a position adjustment unit configured to perform a first
position adjustment on the reference image and the tar-
get image in the band region, using each feature point in
the band region extracted by the extraction unit;

a first determination unit configured to compare the refer-
ence image and the target image after the first position
adjustment and determine whether there is a difference
between the reference image and the target image after
the first position adjustment; and

a second determination unit configured to determine
whether there is a feature point for the first position
adjustment in a region adjacent to the band region, in a
case where the first determination unit determines that
there is a difference between the reference image and the
target image in the band region after the first position
adjustment,

wherein in a case where the second determination unit
determines that there is no feature point for the first
position adjustment in the region adjacent to the band
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region, the position adjustment unit performs a second
position adjustment of the reference image and the target
image after the first position adjustment using a feature
point for the first position adjustment in the band region
and additional patch information in the region adjacent
to the band region, and

wherein the determination unit determines whether there is
a difference between the reference image and the target
image after the second position adjustment, and

wherein in a case where the second determination unit
determines that there is a feature point for the first posi-
tion adjustment in the region adjacent to the band region,
the position adjustment unit does not perform the second
position adjustment.

2. The inspection apparatus according to claim 1, further

comprising:

a reference patch extraction unit configured to extract a
reference patch from the reference image based on a size
of a feature amount of the feature point extracted from
the reference image; and

a specification unit configured to specify a target patch
corresponding to the reference patch from the target
image,

wherein the position adjustment unit compares the refer-
ence patch and the target patch to obtain a shift amount
between the reference patch and the target patch to per-
form the position adjustment based on the obtained shift
amount.

3. An inspection method for performing position adjust-
ment between a reference image and a target image of a
printed document and performing inspection of the printed
document, the method comprising:

extracting a feature point of each of the reference image
and the target image for the position adjustment;

acquiring an image in a band region of a predetermined size
from each of the reference image and the target image;

performing a first position adjustment using each feature
point in the extracted band region on the reference image
and the target image in the band region; and

performing a first determination for comparing the refer-
ence image and the target image after the first position
adjustment to determine whether there is a difference
between the reference image and the target image after
the first position adjustment,

wherein in a case where it is determined by the first deter-
mining that there is a difference between the reference
image and the target image in the band region after the
first position adjustment, the method further comprises;

performing a second determination for determining
whether there is a feature point for the first position
adjustment in a region adjacent to the band region;

performing a second position adjustment of the reference
image and the target image after the first position adjust-
ment, in a case where it is determined by the second
determining that there is no feature point for the first
position adjustment in the region adjacent to the band
region, using a feature point for the first position adjust-
ment in the band region and additional patch informa-
tion in the region adjacent to the band region; and
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performing a third determination for determining whether
there is a difference between the reference image and the
target image after the second position adjustment,

wherein in a case where it is determined by the second
determining that there is a feature point for the first
position adjustment in the region adjacent to the band
region, the second position adjustment is not performed.

4. The inspection method according to claim 3, further
comprising:

extracting a reference patch from the reference image

based on a size of a feature amount of the feature point
extracted from the reference image;

specifying a target patch corresponding to the reference

patch from the target image; and
comparing the reference patch and the target patch to
obtain a shift amount between the reference patch and
the target patch to perform the position adjustment based
on the obtained shift amount, in performing the position
adjustment.
5. A non-statutory computer-readable storage medium for
storing a program to cause a computer to perform position
adjustment of a reference image and a target image of a
printed document to perform inspection of the printed docu-
ment, the method comprising:
extracting a feature point of each of the reference image
and the target image for the position adjustment;

acquiring an image in a band region of a predetermined size
from each of the reference image and the target image;

performing a first position adjustment using each feature
point in the extracted band region on the reference image
and the target image in the band region; and

performing a first determination for comparing the refer-
ence image and the target image after the first position
adjustment to determine whether there is a difference
between the reference image and the target image after
the first position adjustment,

wherein in a case where it is determined by the first deter-

mining that there is a difference between the reference
image and the target image in the band region after the
first position adjustment, the method further comprises;
performing a second determination for determining
whether there is a feature point for the first position
adjustment in a region adjacent to the band region;
performing a second position adjustment of the reference
image and the target image after the first position adjust-
ment, in a case where it is determined by the second
determining that there is no feature point for the first
position adjustment in the region adjacent to the band
region, using a feature point for the first position adjust-
ment in the band region and additional patch informa-
tion in the region adjacent to the band region; and
performing a third determination for determining whether
there is a difference between the reference image and the
target image after the second position adjustment,
wherein in a case where it is determined by the second
determining that there is a feature point for the first
position adjustment in the region adjacent to the band
region, the second position adjustment is not performed.
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